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© Multiple wiring and X section printed circuit board technique. 



© Multiple circuit functions embodied in electrical 
circuit lines and areas are supported by a mul- 
tilayered printed circuit board of various lengths and 
widths (defining "x" and "y" directions) and of var- 
ious thicknesses (defining a "z" direction) all on a 
single board. Several ways of achieving such vari- 
ations in thickness include providing two layer sub- 
assemblies arranged in an alternate and intermediate 



manner, one subassembly being adapted to support 
electrical circuit lines and areas, and the other sub- 
assembly being formed of thin film dielectric ma- 
terial of various precalculated thicknesses. Another 
way of achieving a variation in thickness is to limit 
the surface covered by circuit lines with a pre- 
calculated core thickness. 
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BACKGROUND OF THE INVENTION 

1 . Fi Id of th Inv ntion. 

The invention, generally, relates to packaging 
techniques for printed circuit boards and, more 
particularly, to a technique for mixing various wiring 
technologies with various cross section thicknesses 
in the same printed circuit board. 

Today, it is common throughout industry to use 
separate printed circuit boards for each function to 
b performed within a particular system. This prac- 
tice has developed largely due to cost and perfor- 
mance factors, since different functions require dif- 
f rent cross section and wiring technologies. 

The practice that is common today does not 
permit the degree of flexibility in circuit construc- 
tion and arrangement that cost and performance 
packaging requires. Input/Output circuits alone re- 
quire performance considerations that lower cost 
connectors do not provide. 

An example of the trend that is prevalent today 
is to construct printed circuit boards of several 
lectrically conductive layers with alternate layers 
of a dielectric material. 

Interconnections between layers are provided 
by vias that are coated with electrically conductive 
material, such as copper. 

It has been found that use of a multi layered 
structure for a printed circuit board provides sub- 
stantial flexibility, particularly in supercomputer en- 
vironments. Connections between the respective 
electrical circuits and components still must be 
accomplished by using conductive vias. 

2. Description of the Prior Art. 

U.S. patent No. 3,436,819 to Lunine describes 
a multilayer laminate circuit board having various 
circuit configurations on different planes with a 
method of making interconnections at the various 
planes for internal operations and for contact to the 
surface of the multilayer laminate. 

U.S. Patent No. 3,516,156 to Steranko de- 
scribes electrical voltage packaging technique 
which permits an electrical voltage on one or more 
planes buried within the package to be brought out 
to the surface of the package with a connection 
insulated from the intervening layers. 

U.S. patent No. 4,659,931 to Schmitz et al. 
discloses a mutti layered module formed of thin film 
non-conductive layers as well as layers having con- 
ductive patterns arranged to effect 
lectrical connections between devices and to th 
surface of the module as an lectrical int rconnect 
system. 

U.S. pat nt No. 5,012,047 to Dohya describes 
a multi lay r wiring substrat with signal layers on 



the top and bottom connected together and to 
selected internal layers by vias so that the ext mal 
lay rs function as bonding pads for connecting 
I ads and as lands for Input/Output pins. 

5 While these prior arrangements may be effec- 

tive for their stated purposes, what is needed today 
is a packaging technique that will permit multiple 
wiring cross sections combined in a multiple cross 
section structure, It is to this end that the present 

w invention is directed. Moreover, when the pack- 
aging technique of the invention is utilized as will 
be described in detail presently, it provides other 
advantages not available and not even contem- 
plated by the prior arrangements. 

75 

OBJECTS AND SUMMARY OF THE INVENTION 

Accordingly, it is a principal object of the 
present invention to provide a packaging technique 
20 for printed circuit boards that admits a mixing of 
wiring technologies with different cross section 
configurations. 

An important object of the present invention is 
to provide a packaging technique that admits com- 
25 bining different cross sections and wiring configura- 
tions within a single printed circuit board structure. 

ft is also an object of the present invention to 
provide a new and improved packaging for printed 
circuit boards to obtain a reduction in cost and an 
30 increase in circuit performance. 

Briefly, a printed circuit board that is con- 
structed and arranged in accordance with the prin- 
ciples of the present invention combines within the 
same structure different regions of different pur- 
35 pose which involve different cross sectional thic- 
knesses. 

The above and other objects, advantages and 
features of the present invention will become more 
apparent from the following detailed description of 
40 the presently preferred embodiment as illustrated 
in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 FIG. 1 is a top or plan view of a typical 
printed circuit board, with several cir- 
cuit components, as an aid in de- 
scribing the present invention, that 
identifies "x" and "y" directions. 

so FIG. 2 is a view of the "z" direction as seen 
along the line 2-2 in the "x" direction 
in FIG. 1, illustrating a structure ac- 
cording to the invention. 
FIG. 3 is a vi w of the "z" direction as seen 

55 along th tin 3-3 in th N y" direction 

in FIG. 1, illustrating th present in- 
v ntion. 

FIG. 4 is a v rtical cross sectional view, in 
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th "z" direction, in xagg rated di- 
m nsions, to show a printed circuit 
board that is constructed in accor- 
danc with th principl s of th 
present invention. 
FIG. 5 is an enlarged plan view of a printed 
circuit board that includes features 
that are available in a structure that is 
in accordance with the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In the structure of a printed circuit board that is 
available today, each layer of copper is dedicated 
to a specific signal or power function. This permits 
one and only one operating or functional designa- 
tion for each level within a cross section and, 
therefore, only one operational function for each 
printed circuit board. 

For the structure of a printed circuit board in 
accordance with the present invention, each layer 
or level is available for multiple operating functions, 
such as, signal, power or dielectric. This will be 
described in more detail as the present description 
proceeds. 

In FIG. 1 of the drawings, a relatively simple 
printed circuit board 10 is illustrated with mixed 
electrical and operating components, such as, a 
processor 11, two memory components 12 and 13 
and two Input/Output (I/O) components 14 and 15. 
Each of these functional operating components is 
available with a single printed circuit board that is 
arranged structurally according to the present in- 
vention. 

With the printed circuit board 10, there are no 
complicated and costly connections necessary be- 
tween the various operating components, and the 
more direct connections that it provides permit a 
performance enhancement on both the internal and 
the external planes that previously could only be 
dreamed of as being accomplished some day in 
the future. 

In FIG. 2 of the drawings, a vertical cross 
section in the "z" direction of the printed circuit 
board 10 is illustrated in more detail as an aid in 
the description of one form of construction. Of 
course, the particular construction to be given now 
is only one, presently preferred, way of forming a 
printed circuit board. 

There is available commercially today epoxy 
material that is as thin as 0.0018 inch thick, or 
expressed more generally as 1.8 mils thick. The 
comm rcial availability of such material is the only 
limitation for this di lectric mat rial. This will be 
described in more d tail presently. 

Since FIG. 2 is a v rtical vi w along the line 2- 
2 in FIG. 1 which is a vi w of th printed circuit 
board 10 in the "z" direction, th processor 11, and 



th r spectiv memory compon nts 12 and 13 now 
are illustrated on a top lay r 16 f the printed 
circuit board 10. A series of small "s M, s indicat a 
thickness of copper, or oth r lectrically conductiv 

5 material, on a surface of the dielectric film that 
forms the top layer 16. 

A core 17 is one of several cores 18, 19 and 
20 with patterns of copper lines. A bottom layer 21 
is illustrated on the bottom of the lower core 20. 

10 Therefore, the printed circuit board 10 is formed of 
the top layer 16, the cores 17 through 20 
and the bottom layer 21. There are intervening 
layers of a dielectric material, but these will be 
described in more detail hereinafter. 

75 Also seen in this figure are the various power 

circuit areas that are intermixed with circuit lines. 
For example, note that power circuit areas 22 and 
23 at the lower surface of the core 18 are located 
with signal lines 24 and that these lines are spaced 

20 from lines 25, 26 and 27 in a comparable circuit 
pattern at the top surface of the core 19. 

Before a description of a more complete print- 
ed circuit board, according to the invention, note 
that in FIG. 3 of the drawings, the same printed 

25 circuit board 10 is illustrated along line 3-3 in FIG. 
1. Also, in this view, the top layer 16 reveals the 
circuit lines 14, 11 and 15 as seen looking from top 
to bottom in FIG* 1. 

A particular feature that is available with a 

30 printed circuit board that is constructed and ar- 
ranged in accordance with the principles of the 
invention is illustrated in both of these FIGs. 2 and 
3. Note in FIG. 3 that a power circuit area 28, in 
any particular pattern, is spaced from a signal 

35 circuit line 29 

not only by a blank space 30 at the top surface of 
the core 20, but also by the precalculated thick- 
ness of an intervening dielectric layer. This will 
become clearer as the description proceeds. 

40 In circuit packaging, the performance require- 
ments of a printed circuit board are dictated by the 
various components and devices being integrated 
in the package. It is customary to require low noise 
in the operation of such packages and to require a 

45 minimum of delay for a signal to travel between 
two points. 

These circuit packaging requirements can be 
controlled by the spacing between various conduc- 
tors and other components. For example, the thick- 
50 ness of a dielectric between a signal plane and a 
power plane can produce a dramatic affect on 
noise. 

Not all components and devices on a printed 
circuit board ar noise sensrb'v . M mory and I/O 
55 circuits ar in this category, but these compon nts 
are impedance sensitiv , which are controlled by 
th packaging arrang m nt also. In most situations, 
the impedance characteristics of a printed circuit 
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board ar det rmined by th impedance of th 
components supported on the board, and usually 
such compon nts hav different impedances. 

Of course, many things hav a bearing on 
impedance, other than the particular metal selected 
for a conductor. One of these is the spacing be- 
tween conductor elements as well as dimensions of 
each conductor. In calculating a particular arrange- 
ment for a printed circuit board, the optimization of 
its performance is an iterative consideration that 
involves such features as width of a conductor, its 
h ight, spacing and also the thickness of the sur- 
r unding dielectric materials. 

All of the above described factors develop an 
inductance and capacitance matrix for each printed 
circuit board, and clearly, it is a complex matter. 
However, it is from such a matrix that all electrical 
performance characteristics of each printed circuit 
board are determined, such as noise, impedance, 
time delay, etc. 

It is from an analysis as described above that 
mechanical parameters are determined for meeting 
the electrical performance requirements of the 
components and devices to be packaged on a 
particular printed circuit board. In other words, a 
compromise must be made between high density 
wiring for memory circuits and the increased noise 
it produces and the low noise requirements of other 
components on the printed circuit board. 

There are other compromises that usually are 
involved also, the one given above being only an 
xample. Because of the impact of such com- 
promises, it is the custom in the industry today to 
package certain components and devices, such as 
the processor 11, the memory 12 and 13 and the 
I/O 14 and 15, FIG. 1, on separate printed circuit 
boards and interconnecting them through the usual 
complex connection arrangements. 

Now, however, a printed circuit board in accor- 
dance with the invention provides the capability of 
mixing multiple functions on a single printed circuit 
board in such a way as to optimize performance. 
This is provided by varying conductor widths and 
spacings not only in the customary "x" and "y" 
directions but, also, in the "z" direction, which is 
the thickness. 

The above described general description is de- 
fined more specifically by dividing a cross section 
into a sufficient number of layers to support wiring 
planes for the particular circuit to function normally. 
A presently preferred way that this is done is by 
varying the dielectric thickness between signal and 
pow r planes as will be illustrated in more detail. 

The number of layers that this arrang ment 
d v lops is sufficient t permit nough wiring 
planes within the printed circuit board, and these 
wiring planes now are sub-divided or personalized 
into areas of power, signal and open ar a, which 



ar spaces without lectrical conductors. For wiring 
plan s where lectrical conduction is required, 
such as pow r or signal, the customary variations 
of conductor widths and spacings ar formed, de- 

5 termined by performance requirements. 

The layers that support circuits are formed by 
the usual process involving lamination, and the 
dielectric material used is of a thickness and di- 
electric constant that the particular circuit requires. 

10 Copper foil of different thicknesses is bonded to 
those layers where it will be needed, much like it is 
done today, by photo-lithographic techniques. 

Now, to describe in more detail the additional 
flexibility that the present invention provides in the 

75 construction of printed circuit boards, reference is 
made to FIG. 4 of the drawings. A particular printed 
circuit board 31 is illustrated having four cores, 
each with different thickness. For example, core 36 
can have a thickness of 0.198 mils, and core 37 

20 can have a thickness of 0.132 mils, as an illustra- 
tion. 

A top area 34 and a bottom area 35 are copper 
circuits formed into external electrical conductors. 
The intermediate layers 36, 37, 38, and 39 identify 

25 cores of dielectric material, each a precalculated 
thickness in the printed circuit board 31. 

The alternate layers, indicated by the numerals 
32, 33, 40, 41, and 42, are formed of dielectric 
material, and these can be provided by thin films of 

30 such material each having a precalculated thick- 
ness. As an example, the thickness of these al- 
ternate dielectric layers can be 5.7 mils. 

In this FIG. 4, the cross sectional view of the 
printed circuit board 31 that is constructed accord- 

35 ing to the invention is illustrated with actual con- 
ductive circuit lines, illustrated by the numeral 34 
on the top dielectric layer 32 and by 35 on the 
bottom dielectric layer 42. 

For this particular printed circuit board 31, 

40 electrically conductive circuit lines 43 are located 
at the lower side of the top layer 32 covering only 
part of that side. Then, between the top layer 32 
and a next layer 33 is the dielectric spacing core 
36 with its conductive circuit 44. 

45 As described previously, the thickness of each 
respective ones of these layers 32, 33, 40, 41 and 
42 is calculated to provide, in accordance with the 
invention, a needed thickness in the "z" direction. 
In addition, the dielectric spacing cores 36, 37, 38 

so and 39 each are calculated in thickness to provide 
a 

spacing that the particular printed circuit board 
components require in the performance of its func- 
tional requirem nts. Note th particular spacing 
55 "45" between the circuit lin 34 and a power circuit 
area 44. 

As illustrated in FIG. 5, a pow r vottag area 
46, and two circuit lin s 47 and 48 have pre- 
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calculated tin widths and configurations in th "x" 
and "y n directions, for th ir particular functions. 
Th ar a 46 is formed for conducting a "vottag 
1 ", indicat d by a leg nd on th ar a 46. 

The line 47 is formed of a different width and a 
different configuration, with connections 49 and 50 
to the voltage area 46. By separate legends on 
FIG. 5, the conductive line 47 is formed of 4 mil 
wire (or conductive copper), and the line 48 is 
formed of 6 mil wire, which are variations in the "x" 
and "y" directions. 

The invention has been shown, described and 
illustrated in substantial detail with reference to the 
presently preferred form of the invention. It will be 
understood by those skilled in this art that various 
changes and modifications may be made without 
departing from the spirit and scope of the invention 
which is defined by the claims appended hereto. 

Claims 

1. A multilayered circuit board assembly includ- 
ing a plurality of subassemblies formed as 
independent layers, and having electrical cir- 
cuit lines of predetermined configurations in an 
"x" and "y" direction, the improvement com- 
prising: 

a first plurality of substrate layers (32, 33, 40, 
41 , 42) formed of a thin film dielectric material, 
each being of precalculated thickness in a "z" 
direction, and each layer being adapted to 
support electrically conductive circuit lines and 
areas; and 

a second plurality of substrate layers (36, 37, 
38, 39) formed of a thin film dielectric material, 
each layer of said second plurality being 
formed of a predetermined thickness, and each 
layer of said second plurality located inter- 
mediate adjacent layers of said first plurality; 
whereby electrically conductive lines (43) and 
areas (34, 35) on any layer of said first plurality 
is spaced a precalculated distance in a "z" 
direction from any electrically conductive line 
and area on an adjacent layer of said first 
plurality. 

2. A multilayered circuit board assembly as de- 
fined by claim 1 wherein each layer of said 
first plurality is adapted to support electrically 
conductive lines and areas on opposite sides. 

3. A multilayered circuit board assembly as de- 
fined by claim 2 wherein a precalculated thick- 
ness for spacing in said "z" direction between 
an electrically cortductiv I em nt on n sid 
of a first layer in said first plurality and an 

lectrically conductive I m nt on th sam 
side of an adjacent lay r, also in said first 



plurality, is obtained by arranging said configu- 
ration of circuit lines on th sid of said first 
lay r opposite said n sid to provid an 
absence of lectrically conductiv lin s. 

5 

4. A multilayered circuit board assembly as de- 
fined by claim 1 wherein a first substrate layer 
in said first plurality includes at least one area 
of electrically conductive material to form a 

io voltage source, said first substrate layer also 

forming a support for electrically conductive 
circuit lines, and at least one electrical connec- 
tion formed on said multilayered circuit board 
connecting said circuit lines to said one area. 

75 

5. A multilayered circuit board assembly having 
at least two groups of subassemblies each of 
which is formed as independent layers and 
predetermined subassemblies being adapted 

20 to receive electrical circuit lines and areas of 

predetermined "x" and "y" configurations, the 
improvement comprising: 
a first plurality (32, 33, 40. 41, 42) of layer 
subassemblies being positioned as alternate 

25 layers; 

a second plurality (36, 37, 38, 39) of layer 
subassemblies being positioned as intermedi- 
ate layers; 

said first plurality of layer subassemblies being 
so adapted to support said electrical circuit lines 

and areas on opposite sides of each of said 
layers; and 

each layer subassembly of said second plural- 
ity having a predetermined thickness for spac- 
35 ing adjacent layer subassemblies of said first 

plurality a precalculated distance in a "z" di- 
rection. 

6. A multilayered circuit board assembly as de- 
40 fined by claim 5 including at least one layer 

subassembly in said first plurality having an 
area of electrically conductive material forming 
a voltage source for said electrical circuit lines. 

45 7. A multilayered circuit board assembly as de- 
fined by claim 6 including at least one elec- 
trically conductive means from one electrical 
circuit line on the same side of said layer 
subassembly to electrically connect said vott- 

so age source. 

&. A multilayered circuit board assembly as de- 
fined by claim 6 wherein said voltage source is 
on th pposite sid f said lay r subassembly 
55 supporting said circuit source, and including at 

least on via through which an electrical con- 
nection is mad between said vottag source 
and an opposite sid of said lay r subassem- 
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bly supporting said voltag sourc . 

9. A multilay red circuit board assembly as de- 
fined by claim 6 wh rein an additional variation 

in thickness in said z direction is achieved by 5 
a predetermined thickness of said layer sub- 
assembly of said first plurality. 

10. A multilayered circuit board assembly com- 
posed of at least two subassemblies, a first io 
being formed of top (32) and bottom (42) lay- 
ers of dielectric material each of a precal- 
culated thickness that defines a z direction, a 
second being an intermediate layer (36-39) 
formed of a thin film dielectric material with a 75 
precalculated thickness defining said z direc- 
tion, each side of said top (32) and bottom (42) 
layers of dielectric material supporting circuit 
lines (43) formed of multiple wiring cross sec- 
tions to perform different functions, each of 20 
said lines (43) having a predetermined configu- 
ration in an x and y directions, electrically 
conductive connection means from one of said 
circuit lines to one of said circuit areas, said 

one of said circuit areas including means for 25 
connection with a predetermined voltage, and 
predetermined circuit lines being spaced dif- 
ferently from adjacent circuit lines. 
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